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GLDPHWHUUDWLRLVPDLQWDLQHGDVDQG7KHFKDQQHOLVKDYLQJDVSHFWUDWLRRINHSWFRQVWDQW7KHQXPHULFDODQDO\VLVLV
FDUULHGRXWDW5H\QROGVQXPEHUEDVHGRQK\GUDXOLFGLDPHWHURI )OXHQWD ILQLWHYROXPH IORZVROYHU LVXVHG IRU
VROYLQJJRYHUQLQJHTXDWLRQVIRUSUHVHQWJHRPHWU\7KHFHOOFRXQWLVEDVHGRQJULGLQGHSHQGHQFHVWXG\DQG\YDOXH$SSURSULDWH
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WKH GLPSOH GHSWK į'  WKH DXJPHQWHG VWUHQJWK DQG LQWHQVLW\ RI VHFRQGDU\ YRUWLFHV LQFUHDVHV WKH UDWH RI KHDW WUDQVIHU
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ZLWKDORZHUSHQDOW\8VLQJGLPSOHGVXUIDFHVLQWKHVHVLWXDWLRQVUHTXLUHVNQRZOHGJHRIWKHHIIHFWVRIGLIIHUHQWGLPSOH
JHRPHWU\ FKDUDFWHULVWLFV KRZHYHU DW SUHVHQW WKH DYDLODEOH OLWHUDWXUH LV GHILFLHQW LQSURYLGLQJ VXFKGDWD IRUPDQ\
LPSRUWDQWJHRPHWULFSDUDPHWHUV
$QXPEHURI KHDW WUDQVIHU VWXGLHV IURP5XVVLDXWLOL]HGLPSOHV7KHVH VWXGLHVHPSOR\ IORZRYHU IODWZDOOVZLWK




DSSUHFLDEOHSUHVVXUH ORVVHV >@2WKHU UHFHQW GDWD VKRZV WKDW WKH HQKDQFHPHQWRI WKH RYHUDOO KHDW WUDQVIHU UDWH LV
DERXW  WLPHV VPRRWK VXUIDFH YDOXHV RYHU D UDQJH RI 5H\QROGV QXPEHUV DQG SUHVVXUH ORVVHV DUH DERXW KDOI WKH




RI WKHGLPSOHSULQWGLDPHWHU2WKHU LQYHVWLJDWLRQVFRQVLGHU IORZDQGKHDW WUDQVIHU LQVLQJOH VSKHULFDOFDYLWLHV
>@HIIHFWVRIGLPSOHVDQGSURWUXVLRQVRQRSSRVLWHFKDQQHOZDOOV>@WKHHIIHFWVRIGLPSOHGHSWKRQYRUWH[VWUXFWXUH
DQG VXUIDFH KHDW WUDQVIHU >@ WKH HIIHFWV RI GHHS GLPSOHV RQ ORFDO VXUIDFH 1XVVHOW QXPEHU GLVWULEXWLRQV >@ WKH




WUDQVIHUDQGFRQYH[VXUIDFH UHGXFHVKHDW WUDQVIHU ,VDHYHWDO >@SUHVHQWHGDQXPHULFDO VLPXODWLRQ LQGHWDLORID
YRUWH[IORZKHDWWUDQVIHULQWKHYLFLQLW\RIVLQJOHGLPSOHLQDQDUURZFKDQQHO'LPHQVLRQVZHUHQRWVSHFLILHG7KH
GLPSOH GHSWK ZDV YDULHG IURP  WR  ZLWK 5H\QROGV QXPEHU DV  7KH\ REVHUYHG V\PPHWULF DQG
DV\PPHWULFYRUWLFHV7KHGLPSOHSULQWGLDPHWHUPPXVHGE\6\UHGHWDOLVXVHGLQWKHSUHVHQWVWXG\
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
(IIHFWRIįGRQORFDOYHORFLW\IORZVWUXFWXUH
7KH UHVXOWV LQ )LJ WR )LJ DUH VKRZQ RYHU VSDQZLVH QRUPDO SODQHV DW ;'K   DQG ;'K   IRU












GLPSOH DV į' LQFUHDVHV 7KH )LJ VKRZV WKH HYLGHQFH RI UHFLUFXODWLQJ IORZ DW ;'K   VLQFH QHJDWLYH
VWUHDPZLVHYHORFLWLHVDUHSUHVHQW$VGHSWKLQFUHDVHVWKHQHJDWLYHYHORFLW\FRYHUVODUJHDUHD7KHORZHUPDJQLWXGHRI
VWUHDPZLVHYHORFLWLHVDUHDOVRSUHVHQWDW;'K WUDLOLQJHGJHRIWKHGLPSOHDOVRDVVKRZQLQ)LJ7KLVVKRZV
ODUJH YHORFLW\ JUDGLHQW LV SUHVHQW DW ;'K   )LJ VKRZV WKH WUDLOLQJ HGJH RI WKH GLPSOH ZKHUH WKH IORZ
GLVWXUEDQFHVDUHFRQWLQXHRQWKHDUHDDKHDGRIGLPSOH7KHIORZGLVWXUEDQFHVDUHKLJKHUDW;'K IRUį' 
FRPSDUHGWRį' DQGį' ZKLFKKHOSWRDXJPHQWWKHKHDWWUDQVIHULQZDNHUHJLRQDOVR7KHUHVXOWLQ)LJ














)LJXYHORFLW\FRQWRXUVLQVSDQZLVHQRUPDOSODQHDW;'K <=SODQHIRUDį' Eį' Fį' 

DE   F 
)LJXYHORFLW\FRQWRXUVLQVSDQZLVHQRUPDOSODQHDW;' <=SODQHIRUDį' Eį' Fį' 

(IIHFWRIį'RQ6SDQZLVH9HORFLW\YYHORFLW\




LQFUHDVHVIURPį' WRį' DQGWKHQGHFUHDVHVDVGHSWKLQFUHDVHVIURPį' WRį' 7KLVLVGXHWR
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VRPHIORZWKDW LV WUDSSHGDW WKHERWWRPRI WKHGLPSOH7KHQHJDWLYHVSDQZLVHFRPSRQHQW LVREVHUYHGIURPDOO WKH
VLGHVRIWKHGLPSOHZKLFKVKRZVWKHIORZLVHQWHULQJLQVLGHWKHGLPSOHIURPWKHVLGHV7KHSUHVHQFHRISRVLWLYHDQG





D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F





GHSWKVDW;'K DQG;'K 7KH)LJVKRZVWKHPDJQLWXGHRIQRUPDOYHORFLW\ LVKLJKHU IRUDOO WKH
GLPSOHJHRPHWU\FRPSDUHGWRIODWSODWH7KHQHJDWLYHFRPSRQHQWRIQRUPDOYHORFLW\LVREVHUYHGDWWKHVLGHVIRUDOO
GLPSOH JHRPHWU\ DW;'K  ZKLFK VKRZV WKH IORZPRYLQJ GRZQ RU UHFLUFXODWLQJ7KH QHJDWLYH FRPSRQHQW
LQFUHDVHV DV WKH GLPSOH GHSWK LQFUHDVHV 7KH ODUJH SRVLWLYH FRPSRQHQW RI QRUPDO YHORFLW\ LV REVHUYHG LQ WKHPLG
SODQH DW WKH FHQWUH ZKLFK VKRZV WKH IORZ LV HMHFWLQJ IURP WKH FHQWUDO SRUWLRQ RI GLPSOH 7KH SRVLWLYH QRUPDO
FRPSRQHQWLVKLJKHUIRUį' FRPSDUHGWRį' DQGį' $WWKHWUDLOLQJHGJHRIWKHGLPSOHDW;'K 
WKHODUJHQRUPDOYHORFLW\JUDGLHQWLVREVHUYHGFRPSDUHGWRIODWSODWH7KHSRVLWLYHDQGQHJDWLYHFRPSRQHQWRI
QRUPDOYHORFLW\LVDOVRREVHUYHGZKLFKVKRZVIRUPDWLRQRIVHFRQGDU\YRUWLFHV7KHQRUPDOYHORFLW\FRPSRQHQWDW











)LJZYHORFLW\LQVSDQZLVHQRUPDOSODQHDW;'K <=SODQHIRUDį' Eį' Fį' 
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D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E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F
)LJZYHORFLW\FRQWRXUVLQVSDQZLVHQRUPDOSODQHDW;'K <=SODQHIRUD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E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
(IIHFWRIGLPSOHGHSWKRQERXQGDU\OD\HUVHSDUDWLRQDQGUHDWWDFKPHQW
7KH KHDW WUDQVIHU HQKDQFHPHQW IURP WKH GLPSOH VXUIDFH GHSHQGV XSRQ ERXQGDU\ OD\HU VHSDUDWLRQ DQG
UHDWWDFKPHQW )RU XQGHUVWDQGLQJ WKH ERXQGDU\ OD\HU VHSDUDWLRQ DQG UHDWWDFKPHQW WKH YDULDWLRQ RI VWUHDPZLVH
YHORFLW\ LQQRUPDO ]GLUHFWLRQGLUHFWLRQRQV\PPHWU\ LVROLQHLVSORWWHGDVVKRZQLQ)LJD WR)LJG IRU IODW
SODWHDQGGLIIHUHQWGLPSOHJHRPHWU\,WLVREVHUYHGIURP)LJDWKDWIRUWKHIODWSODWHWKHYDULDWLRQRID[LDOYHORFLW\
LQVWUHDPZLVHGLUHFWLRQLVQHJOLJLEOH6RPHYDULDWLRQLVREVHUYHGDWWKHWZRHQGVGXHWRWKHVWDUWDQGHQGHIIHFWV)RU
WKH GLPSOH VXUIDFH WKH YDULDWLRQ LQ D[LDO YHORFLW\ EHFRPHV ]HUR DW WKH OHDGLQJ HGJH ZKHUH WKH ERXQGDU\ OD\HU
VHSDUDWHVDVVKRZQLQ)LJEWRG$IWHUWKHERXQGDU\OD\HUVHSDUDWLRQQHJDWLYHYHORFLW\JUDGLHQWLVREVHUYHG
IRUDOOWKHGLPSOHJHRPHWU\EHFDXVHRIUHFLUFXODWLQJIORZ$VWKHGLPSOHGHSWKLQFUHDVHVWKHPDJQLWXGHRIQHJDWLYH
YHORFLW\ JUDGLHQW LQFUHDVHV LW LV GXH WR ODUJH UHFLUFXODWLRQ LQVLGH WKH GLPSOH 7KH UHFLUFXODWLRQ ]RQH RFFXSLHG
LQFUHDVHV DV GLPSOH GHSWK LQFUHDVHV IURP į'   WR  $IWHU UHFLUFXODWLRQ ]RQH WKH YHORFLW\ JUDGLHQW VWDUWV
LQFUHDVLQJ IRU DOO GLPSOH JHRPHWU\ EHFDXVH RI LQLWLDWLRQ YRUWH[ SDLUV IURP WKH FHQWHU SDUW RI WKH GLPSOH 7KH
PD[LPXP YHORFLW\ JUDGLHQW LV REVHUYHG IRU WKH į'  FRPSDUHG WR RWKHU GLPSOH JHRPHWU\ ZKLFK PD\ EH
UHVSRQVLEOHIRUKHDWWUDQVIHUDXJPHQWDWLRQ




,W LV REVHUYHG IURP WKH)LJ D WR)LJF WKDW VKHDU VWUHVVEHFRPHV ]HUR DW WKH OHDGLQJRI DOO WKHGLPSOH
JHRPHWU\ZKHUH WKH IORZ VHSDUDWHV7KH UHDWWDFKPHQWSRLQW RI WKH IORZ LV GHSHQGVXSRQ WKHGLPSOHGHSWK $IWHU
UHDWWDFKPHQW SRLQW WKH VKHDU VWUHVV EHFRPHV PD[LPXP ZKHUH WKH VHFRQGDU\ YRUWLFHV DUH IRUPHG 1HDU WKH
UHDWWDFKPHQW SRLQW WKH PD[LPXP KHDW WUDQVIHU HQKDQFHPHQW LV REVHUYHG 7KHPD[LPXP VKHDU VWUHVV REVHUYHG LV
  DQG  1P IRU WKH GLPSOH GHSWK į'  į'  DQG į'  UHVSHFWLYHO\ $IWHU UHDFKLQJ WKH
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
+HDW7UDQVIHU&KDUDFWHULVWLFV
7KH YDULRXV IORZ SKHQRPHQD FDXVHG E\ GLPSOH VXUIDFH KDYH D VLJQLILFDQW LPSDFW RQ KHDW WUDQVIHU 7KH
UHFLUFXODWLQJ IORZ LQVLGH WKH GLPSOH JHQHUDWLRQ RI YRUWH[ VWUXFWXUH DQG HMHFWLRQ RI IORZ IURP GLPSOH DOO DUH
UHVSRQVLEOHIRUWKHKHDWWUDQVIHUDXJPHQWDWLRQ
)LJXUHVKRZVWHPSHUDWXUHGLVWULEXWLRQIRU5H'K DQG4LQ :PEDVHGRQIODWSURMHFWHGVXUIDFH








































 7KHVKHDU OD\HUVHSDUDWHVDW WKH OHDGLQJHGJHRI WKHGLPSOHZKLOH UHDWWDFKHVDW WKH WUDLOLQJHGJHRI WKH
GLPSOH7KHYDULDWLRQ LQ VWUHDPZLVH VSDQZLVHDQG QRUPDOYHORFLW\ LVREVHUYHGZLWKLQDQGRXWVLGH WKH
GLPSOH7KHYDULDWLRQRIVWUHDPZLVHVSDQZLVHDQGQRUPDOYHORFLW\FRPSRQHQWVIRUIODWLVQHJOLJLEOH
 7KH PDJQLWXGH RI VWUHDPZLVH YHORFLW\ LV FRQVLGHUDEO\ ORZHU WKDQ EXON YHORFLW\ RXWVLGH WKH GLPSOH
1HJDWLYH VWUHDPZLVH YHORFLW\ VKRZV UHFLUFXODWLQJ IORZ LQVLGH WKH GLPSOH 5HFLUFXODWLQJ IORZ FRYHUV
ODUJHDUHDDVGLPSOHGHSWKLQFUHDVHV7KHODUJHXYHORFLW\JUDGLHQWLVDOVRSUHVHQWDWWUDLOLQJHGJHRIWKH
GLPSOHGXHWRDGYHFWLRQRIIORZIURPWKHGLPSOHDQGUHDWWDFKPHQWRIIORZ
 7KH ODUJH YDOXH RI SRVLWLYH VSDQZLVH YHORFLW\ LQGLFDWHV VHFRQGDU\ IORZ DQG UHFLUFXODWLQJ IORZ LQ WKH
FHQWUDOSDUWRIGLPSOH7KHSRVLWLYHDQGQHJDWLYHFRPSRQHQWRIVSDQZLVHYHORFLW\LQGLFDWHVWKDWWKHIORZ
LVHQWHULQJLQVLGHWKHGLPSOHDQGHMHFWLQJIURPWKHGLPSOH
 7KH ODUJH YDOXHV RI QRUPDO YHORFLW\ ZLWKLQ GLPSOH VKRZ WKH IORZ LV HMHFWLQJ IURP WKH GLPSOH 7KH
QHJDWLYH DQG SRVLWLYH YDOXH RI QRUPDO YHORFLW\ DW WKH WUDLOLQJ HGJH RI WKH GLPSOH VKRZV IRUPDWLRQ RI
VHFRQGDU\ YRUWLFHV 7KH PDJQLWXGH RI QRUPDO YHORFLW\ LQFUHDVHV DV GHSWK LQFUHDVHV IURP į'  WR



















>@ *,0DKPRRG0/+LOO'/1HOVRQ30/LJUDQL+.0RRQ%*OH]HU /RFDO+HDW7UDQVIHU DQG)ORZ6WUXFWXUHRQDQG DERYH D
'LPSOHG6XUIDFHLQD&KDQQHO$60(-RXUQDORIWXUERPDFKLQHU\




>@ 6$ ,VDHY$,/HRQWLHY1$.XGU\DYWVHY ,$3\VKQ\L7KHHIIHFWRIUpDUUDQJHPHQWRI WKHYRUWH[VWUXFWXUHRQ+HDW7UDQVIHUXQGHU
FRQGLWLRQVRILQFUHDVLQJGHSWKRIDVSKHULFDOGLPSOHRQWKHZDOORIDQDUURZ&KDQQHO+HDW	0DVV7UDQVIHU	3K\VLFDO*DV'\QDPLFV

